Through adding accelerator to common epoxy mortar and optimizing its mix ratio by orthogonal test, the influences of the contents of filler, diluent, curing agent and accelerator on the early strength of epoxy mortar were studied respectively. Results showed that the filler content has the most significant influence on the compressive strength and splitting strength of epoxy mortar, and the optimum combination of these four contents is A2B2C3D2, on which condition compressive strength of epoxy mortar can reach 71.4 MPa and splitting strength 6.72 MPa at super-early stage (4h, at nursing temperature 25 C). Pull-out test on the anchor bolts with optimum-mix-ratio epoxy mortar as anchorage agent was carried out, and compared to tests with quick setting cement as anchorage agent, proving that the pull-out strength with epoxy mortar as anchorage agent was much higher than that of quick-setting cement. The ultimate pull-out strength of the anchor increased with anchorage depth at pull-out bonding failure, which indicates that the optimized epoxy mortar with super-early strength can meet the needs of emergency repair and other special projects, and can be applied in the fields of structural reinforcement and rapid repair of traffic engineering. 
INTRODUCTION
Many special projects in traffic engineering such as rapid repair, disaster relief and structure reinforcement have put forward high request for cementitious materials with super-early strength in construction. Therefore, many scholars have carried out research on these materials. In the field of inorganic materials, on the base of high alumina cement or ordinary Portland cement, Cha [1] , Zhou [2] , Da [3] , Wang [4] , Lai [5] and others developed cementitious materials of cement mortar type with super-early strength through adding water-reducing agent, early-strength agent and other additives. However, the super-early strength achieved in the above research is still difficult to meet the needs of military engineering, emergency and disaster relief projects. In the field of organic materials, the modified epoxy fast-setting adhesives, J-156, J-182 and J-183 were developed by Heilongjiang Petrochemical Institute with polyether sulfhydryl as curing agent. The adhesive WJ-53-HN50 developed by 53 Institutes of the Ministry of Military Engineering has the advantages of short gelation time and fast curing speed, but the curing temperature must be at 25℃-30℃, and it is mainly used for bonding between metals [6] . In view of the shortcomings of slow curing and low super-early strength of epoxy mortar at present, it is very necessary and meaningful to carry out theoretical and experimental research on influencing factors of its strength.
FACTORS INFLUENCING THE STRENGTH OF EPOXY MORTAR
Epoxy mortar is a kind of composite cementitious material in building engineering which is produced by epoxy resin, curing agent, diluent and filler through complex physical and chemical reactions. During the preparation and reaction, epoxy mortar mainly undergoes four processes: filler infiltration, gap filling, formation of cured substance and formation of interface structure. The main influencing factor of super-early strength of epoxy mortar is the mix proportion of filler, curing agent, diluent and accelerator. Among them, the filler reduces the shrinkage and thermal expansion coefficient, decreases the brittleness during epoxy resin curing, and forms a skeleton structure through large-size filler, which is conducive to improving the compressive strength. Wang [7] shows that the compressive strength and elastic modulus of epoxy mortar can be effectively improved with the increase of filler content, but the tensile strength is greatly reduced. The dosage of curing agent can be calculated according to the dosage formula of Mannich base (T31). Acetone is an inactive diluent used commonly in practice, which does not react with epoxy resin and curing agent. However, its amount has a great influence on the physical properties of cured epoxy and curing process. The general amount of inactive diluent is 10% ~ 20% of epoxy resin. The general dosage of accelerator is about 10% of epoxy resin.
TEST MATERIALS
In order to prepare epoxy mortar with super-early strength, the contents of filler, curing agent, diluent and accelerator in epoxy mortar were set to be at different levels respectively which depends on the quantity of epoxy resin based on relevant research results both at home and abroad, and the best combination scheme of these materials is determined through orthogonal test.
The epoxy resin adopted in this research is bisphenol A (6101) with epoxy value of 0.44 mol/100g, produced by Nantong Xingchen Synthetic Materials Co., Ltd. The filler is medium river sand produced in Nanjing with fineness modulus of 2.7, whose moisture content is less than 0.5% after drying. According to Wang et al [7] , filler can be determined to be three contents of 400%, 500% and 600% of epoxy resin. The cement type is P.II42.5 Portland cement produced by Jiangnan -Ono India Cements Co., Ltd. in Nanjing, China. The diluent adopted is analytical pure acetone produced by Shanghai Jiuyi Chemical Reagent Co., Ltd. Generally speaking, the dosage content of inactive diluent in research is about 10%-20% of epoxy resin, so the three dosage contents adopted here are 12%, 15% and 18% respectively. The curing agent is the third generation of modified T31 produced by Guangdong kubon Chemical Co., Ltd. The relative molecular weight of epoxy resin E44 is 43, and its average epoxy value is 0.44. Therefore, according to the theoretical formula of Mannich base, the content of curing agent (T31) is 22.9%-28.3% of epoxy resin. In order to determine the optimal content in practice, three kinds of dosage, 22%, 26% and 30%, were chosen for experiment on the basis of theoretical dosage. The DMP-30 produced by Guangdong Kuibang Chemical Co., Ltd. is adopted as accelerator. Its general amountis about 10% of epoxy resin, so the specific amount in this experiment is 8%, 10%, 12% respectively. The above L9 (34) orthogonal test includes four factors and three levels, whose design principle is similar to that of L9 (33) orthogonal test with three factors and three levels, so the orthogonal test table can be determined according to the relevant principles [8] .
COMPRESSION AND SPLITTING TESTS AND ANALYSIS OF RESULTS
The epoxy mortar was prepared and cured at 25℃ for 4 h. Based on the above analysis and the extreme value R in TABLEI, the optimum combination of epoxy mortar with super-early strength is A2B2C3D2. Thus, the optimum material combination in epoxy mortar is determined to be A2B2C3D2. According to this optimum mix ratio, test samples of epoxy mortar were made and cured at 10℃, 20℃, and 25℃for 4 hours, respectively. Then, their compressive strength and splitting strength were tested with results as shown in TABLE II. It can be seen that the compressive strength can reach 71.4 MPa and the splitting strength 6.72 MPa on the curing condition of 25℃. In order to get the anchorage force through pull-out test on anchor bolt, the epoxy mortar was prepared with the optimum mix ratio of A2B2C3D2, and the comparison test was made with the quick-setting cement anchorage agent. The parameters of contrast test were designed as shown in It can be seen from Figure3 that the ultimate pull-out force of anchor increases with anchorage depth, and the pull-out force of epoxy mortar is far higher than that of quick-setting cement. Besides, the ultimate pull-out force of the anchor increases with the strength of the anchorage agent, which verifies the effectiveness of the epoxy mortar with optimum mix ratio designed in this paper. As shown in Figure4, the ultimate pull-out force increases firstly and then decreases with the increase of anchorage agent's annular thickness. When the annular thickness is 28 mm, the corresponding force is the smallest, and when it is 32 mm, the pull-out force reaches its maximum value, 116.4 kN.
CONCLUSIONS
According to reaction process of epoxy mortar, the factors influencing its strength are analyzed in this paper, and orthogonal test is designed to obtain the optimum mix ratio. Though the pull-out test on anchor bolt, the effectiveness of the designed epoxy mortar with optimum mix ratio is verified. The main conclusions are as follows.
(i). Filler, curing agent, diluent and accelerator are the main factors affecting the super-early strength of epoxy mortar.
(ii). Orthogonal test with three levels and four factors is designed. According to the compressive strength test and splitting strength test of epoxy mortar cured at 25℃for 4 h, the optimum mix ratio of epoxy mortar is A2B2C3D2, that is, every 1 g epoxy resin contains filler 5g, curing agent 0.15g, diluent 0.3g, and accelerator 0.12g. Then, the compressive strength can reach 71.4MPa, and splitting strength 6.72 MPa.
(iii). The pull-out force of anchor bolt with epoxy mortar of optimum mix ratio as anchorage agent is compared with that of quick-setting cement through test, concluding that the former is much higher than the later and the ultimate pull-out force increases with anchorage depth.
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